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(54) Automatically controllable 
loading apparatus for mass spec- 
trometers or the like 

(57) Automatically controllable load- 
ing apparatus for a mass spectro- 
meter or like equipment comprises 
holding means 1 3 for holding a 
plurality of sample carriers 1 2 for 
successive movement into a transfer 
position. Transfer means 17, 24 
transfer successive sample carriers 
from the transfer position to a load- 
ing position 1 1 . Guide means in- 



cluding a shut-off valve 36 adjacent 
the loading position guide the trans- 
fer means during its transfer move- 
ment. Sealing means 29 define in a 
fixed position between the valve 36 
and the transfer position at least 
one vacuum chamber 30, 31, 32 
adapted to be exhausted for the 
purpose of equalising the pressures 
at opposite sides of said valve 36. 
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SPECIFICATION 

Automatically controllable loading appa- 
ratus for mass spectrometers or the like 

5 

This invention relates to automatically control- 
lable loading apparatus for mass spectromet- 
ers or like equipment of the kind having a 
vacuum chamber to which repeated access is 
10 required from outside for the purpose of load- 
ing the chamber with samples, specimens or 
other material (referred to hereinafter as 
"samples") requiring analysis or other investi- 
gation. 

1 5 One of the difficulties of introducing 

1 samples into the ionising chamber of a mass 
spectrometer or the vacuum chamber of other 
equipment of the kind defined is that the 
chamber is subject to high vacuum while the 

20 sample is applied to a sample carrier outside 
the ionising chamber under atmospheric pres- 
sure and must then be inserted with the 
carrier into the chamber. Frequency used for 
this purpose is a push-rod one end of which is 

25 adapted to hold the sample carrier. 

In order to introduce the one end of such a 
push-rod into the ionising chamber of a mass 
spectrometer, it is already known for the 
chamber to be preceded by a vacuum lock 

30 and a stuffing box seal with vacuum stages 
increasing towards the ionising chamber (Zeit- 
schrift fur Instrumentenkunde, Volume 68, 
May 1960, pages 97 et seq). 
An automatic sample changer for mass 

35 spectrometers has been previously proposed 
in German Offeniegungsschrift No. 25 48 
891 and comprises a magazine which re- 
ceives a plurality of sample carriers and is 
reciprocally displaceable, in front of an open- 

40 ing for entry of the push-rod into the vacuum 
region, in a direction transverse to the direc- 
tion of movement of the push-rod. In this 
construction the push-rod is itself part of a 
complex advancing and sealing mechanism. A 

45 lock carriage is driven by a motor towards a 

support plate which is associated with the 
: mass spectrometer at the entry side of the ion 
source, and which is provided with an O-ring 
seal. Against this is sealingly applied a stuff- 
; 50 ing box of the lock carriage. A main valve of 
the vacuum chamber is then opened so that 
the push-rod mounted in the stuffing box can 
be advanced into the vacuum chamber. 
The above-described arrangement for auto- 

55 matic loading of mass spectrometers requires 
movement of two members, namely the push- 
rod and the lock carriage, for carrying out a 
loading operation. A further disadvantage is 
that the stuffing box for the passage of the 

60 push-rod is subjected to severe wear and 
plastic deformation. The reliability of the ap- 
paratus in continuous operation is thus re- 
duced. 

An object of the present invention is to 
65 provide automatically controllable loading ap- 



paiaius for mass spectrometers or like equip- 
ment of the kind defined in which sealing of 
the vacuum chamber during access is im- 
proved even during continuous operation. 
70 In order to achieve this object the apparatus 
of the invention is characterised in that the 
push-rod is mounted in a stationary guide 
frame and can be advanced by stepwise feed 
to the magazine and then with the substance 
75 or the sample carrier can be moved through 
the stuffing box seal up to a high vacuum 
valve which, after evacuation of the stuffing 
box seal to the vacuum of the vacuum cham- 
ber, is opened for advance thereinto of the 
80 push-rod. 

In the apparatus according to the invention 
the push-rod is mounted in a simple, station- 
ary guide frame, for example on only two 
guide rods arranged in mutually spaced rela- 
85 tionship. The axial movement of the push-rod 
in both directions takes places by means of a 
motor via a worm drive. In an entry channel 
arranged in advance of the vacuum chamber 
with the ion source is formed an evacuatable 
90 stuffing box with preferably three vacuum 
chambers which Gan be evacuated in stages 
down to the vacuum of the vacuum chamber. 

The multiple, in particular three-stage stuff- 
ing box, coupled with appropriate dimension- 
95 ing of the sealing bore and the push-rod 
diameter, permits a problem-free introduction 
of the pushrod through the stuffing box in 
such a way that in this region there is practi- 
cally no friction, A correspondingly low force 
100 is required for the transport of the push-rod. 
The magazine for receiving the substances 
or the sample carriers is also constructed in a 
particular manner. The sample carriers are 
arranged in facing relationship with the push- 
105 rod along the periphery of a stationary, rotata- 
bly mounted disc. The sample carriers are 
brought into the receiving position by rotation 
of the magazine. A recess in the disc-shaped 
magazine permits passage of the push-rod 
1 1 0 when these are appropriately positioned rela- 
tive to each other. 

The invention will now be further described 
by way of example only, with reference to the 
accompanying drawings, in which: 
1 1 5 Figure 1 is a diagrammatic view partly in 
plan and partly in horizontal section of one 
embodiment of apparatus according to the 
invention in a first operating position of a 
push-rod for introducing a sample into the 
120 high vacuum region of a mass spectrometer; 
Figure 2 is a corresponding view after the 
push-rod has received a sample carrier from a 
magazine; 

Figure J is a corresponding view in the 
125 operating position immediately before intro- 
duction of the push-rod into the high vacuum 
region of the mass spectrometer; 

Figure 4 is a corresponding view in the 
position when the push-rod enters the high 
1 30 vacuum region; 
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Figure 5 is a diagrammatic view partly in 
elevation and partly in vertical section of the 
apparatus shown in the preceding Figures; 

Figure 6 is an end view of the sample 
5 magazine constituting part of the apparatus, 
and 

Figures 7a to 7d are detail views illustrating 
the mode of operation. 

Referring now to the drawings, the appa- 

1 0 ratus of the invention is shown in association 
with an ionising chamber 10 of a mass spec- 
trometer which is not otherwise illustrated. In 
the chamber 10 is an ion source 1 1 which is 
likewise shown diagrammaticaliy. The loading 

1 5 apparatus of the invention is also suitable for 
association with other equipment having a 
vacuum chamber to which repeated access is 
required from outside for the purpose of load- 
ing the chamber with samples, specimens or 

20 other material requiring analysis or other in- 
vestigation. 

The apparatus forms a constructional unit 
which is attached to the mass spectrometer at 
the entry side of the ionising chamber 10. 

25 The liquid or solid substances to be ana- 
lysed are each contained in a sample carrier 
12. This can be constructed in different ways, 
e.g. as a tubular element open at one side or 
as a capsule with an axial bore arranged at 

30 one side. The substance concerned is received 
therein. Alternatively, the substance can be 
received on a wire loop or other sample 
carrier. 

A plurality of sample carriers 12 each con- 

35 taining a sample is received in a sample 
magazine 13. In the illustrated embodiment 
the magazine 1 3 is constructed as a disc or 
wheel which is mounted on a central drive 
shaft 1 4 for stepwise rotation by a magazine 

40 motor 15 according to a predetermind vari- 
able programme. 

A large number of sample carriers 1 2 is 
removably located adjacent the outer circum- 
ference of the sample magazine 13. In the 

45 present case the sample carriers 1 2 are so 
arranged that they extend in axis-parallel rela- 
tionship and project from the sample maga- 
zine 13 on the side remote from the ionising 
chamber 10. Figs. 7 a to 7 d show details of a 

50 holder 1 6 for the sample carriers 1 2. 

In accordance with an automatic pro- 
gramme the sample carriers 12 are removed 
from the sample magarine 1 3 by a push-rod 
1 7 and introduced into the ionising chamber 

55 10. lonisation takes place in the chamber 10 
in known suitable* manner, e.g. by vaporisa- 
tion of the sample. 

For carrying out the transfer and transport 
movements the push-rod 1 7 is mounted in a 

60 guide frame 18 forming part of the apparatus 
of the invention. The push-rod 1 7 carries out 
exclusively axial movements in both direc- 
tions. For this purpose it is driven by a 
circulating ball spindle 1 9 (ball nut and spin- 

65 die) which is driven by a motor 20 controlla- 



ble by a programme. In order to carry out 
precise linear movements the push-rod 1 7 is 
connected to a transverse strap 21 which is 
displaceably mounted by means of lateral 

70 bearings 22 (circulating ball bushes) on guide 
rods 23 arranged parallel to the push-rod 17. 

The front end of the push-rod 1 7 remote 
from the motor 20 is provided with a coupling 
24 for periodic reception of a sample carrier 

75 12. In the retracted position this end region of 
the push-rod 1 7 lies within a magazine hous- 
ing 25 which completely surrounds the sam- 
ple magazine 1 3. At the entry region of the 
push-rod 17 the magazine housing 25 forms 

80 a bearing 26 for the push-rod 1 7. 

The magazine housing 25 and the sample * 
magazine 1 3 are offset in axis-parallel rela- 
tionship to the path of movement of the push- 
rod 1 7 in such a way that there is always one * 

85 sample carrier 1 2 at the edge of the sample 
magazine 1 3 which is held ready for transfer 
on the longitudinal axis of the push-rod 17 

(Fig. 1). 

After a sample carrier 1 2 has been received 
90 by the push-rod 1 7 the sample magazine 1 3 
is moved out of the path of movement of the 
push-rod 17. In the present case the sample 
magazine 1 3 is provided with an outwardly 
open peripheral recess 27 (Fig. 6) which is 
95 moved into the region of the push-rod 1 7 in 
order that the latter can be moved axially past 
the sample magazine 13. 

Connected to the magazine housing 25 is 
an entry channel 28 through which part of 

100 the push-rod 17 is guided. Within this entry 
channel 28 special sealing features are pro- 
vided. The present embodiment has a three- 
stage stuffing box 29 which sealingiy sur- 
rounds the push-rod 1 7 (Figs. 3 and 4). The 

1 05 stuffing box 29 has three vacuum chambers 
30, 31,-32 which are subjected to different 
vacuums so that the vacuum is increased in 
steps from a region of atmospheric pressure at 
the magazine housing up to a high vacuum 

1 10 region in the ionising chamber. For this pur- 
pose the vacuum chambers 30, 31, 32 are 
connected to vacuum pumps (not shown) by 
suction pipes 33 with respective programma- 
ble solenoid valves 34. 

115 Within the entry channel 28 adjoining the 
stuffing box 29 is a valve chamber 35 with a 
high vacuum valve 36. This seals the region 
which is permanently subjected to high vac- 
uum, namely the ionising chamber 10 and an 

1 20 adjacent section of the entry channel 28, from 
the higher pressure region. After extension of 
the push-rod 17 to the position shown in Fig. 
3 the vacuum chambers 30, 31, 32 are 
evacuated and the high vacuum valve 36 is 

1 25 opened so that the push-rod 1 7 can be ad- 
vanced into the ionising chamber 10. 

In the present embodiment (see particularly 
Fig. 5) the high vacuum valve 36 is built onto 
the side of the valve chamber 35. A valve 

1 30 element 37 seats in the closed position of the 
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valve (e.g. Fig. 5) against an opposing flange 
38 of the inlet channel 28. The high vacuum 
valve 36, i.e. its valve element 37, is pneu- 
matically actuated by a pneumatic unit 39. In 
5 order to clear the entry channel 28 the valve 
element 37 is retracted from the path of the 
push-rod 1 7 (Fig. 4). 

If programmed to run automatically, as is 
preferred, the operation of the apparatus so 

10 far described is as follows: 

From its retracted starting position (Fig. 2) 
the push-rod 1 7 is advanced to the sample 
magazine 1 3. As a result of this movement a 
sample carrier 1 2 is received at the front end 

f 5 of the push-rod 1 7 in the coupling 24. The 
push-rod 1 7 is then retracted into the starting 
position shown in Fig. 2. Here the presence of 
? a sample carrier 1 2 on the push-rod 1 7 is 
sensed by means of an optical sensing device 

20 40. 

In the meantime the sample magazine 13 is 
rotated so as to bring the recess 27 into the 
path of movement of the push-rod 1 7. This is 
now advanced past the sample magazine 1 3 

25 into the position shown in Fig. 3. At this 
stage the stuffing box 29 is at atmospheric 
pressure. The high vacuum valve 36 is still 
closed. The push-rod 1 7 is stopped in front of 
the high vacuum valve 36 but lying com- 

30 pletely within the stuffing box 29. The valve 
chambers 35 are now evacuated to create a 
vacuum which progressively increases from 
the atmospheric pressure region to the high 
vacuum valve 36. In the vacuum chamber 32 

35 is produced the same high vacuum that ob- 
tains in the ionisation chamber 10. 

The high vacuum valve 36 is now opened 
i.e. moved out of the path of the push-rod 1 7. 
This can now be advanced into the ionising 

40 chamber 10. Here the substance to be investi- 
gated can be handled and ionised in conven- 
tional fashion. 

The push-rod 1 7 is then retracted into the 
starting position in a similar manner by revers- 

45 ing the sequence of operations, whereby in an 

* intermediate position the "used" sample' car- 
rier 1 2 is reinserted into the sample magazine 
13. Then the sensing device 40 is used to 

* confirm the absence of a sample carrier 1 2 
50 and the push-rod 17 is fed to a further sample 

carrier 12. 

The holder 1 6 for the sample carriers 1 2 on 
the sample magazine 1 3 can be constructed 
in different ways. The illustrated embodiment 

55 proposes a mechanical arrangement with 
pneumatic actuation. 

The elongated sample carriers 12 are 
clamped in a shoulder 41 at the edge of the 
sample magazine 13. The axially disposed 

60 sample carriers 1 2 are mounted with one end 
fixed in a bore 42 of the sample magazine 1 3 
by a transversely movable clamping element 
43 is connected to a radially directed movable 
actuating pin 44 one end of which projects 

65 from the edge of the sample magazine 1 3. 



The actuating pin 44 is movable radially in- 
wardly of the sample magazine 1 3 against the 
load of a compression spring 45 so as to 
withdraw the clamping element 43 from its 

70 clamping position. 

The actuating pin 44 is associated with a 
release device 46 fixed on the magazine hous- 
ing 25. This comprises a pneumatically actu- 
ated pressure pin 47 which is extended to 

75 displace the actuating pin 44 in the radial 
direction. The sample carrier 12 is thus re- 
leased from the clamping position (Fig. 7f). 

In the above position the sample carrier 12 
is received in the coupling 24 by a section 

80 remote from the substance. By retracting the 
push-rod 1 7 when the holder 1 6 is released 
the sample carrier 1 2 can be removed from 
the bore 42. 
The coupling 24 is likewise provided with 

85 an axial bore in which the sample carrier 12 is 
held by the clamping action of a spring 48. 
The bore containing the substance to be ana- 
lysed is in this case disposed outside the 
region of the coupling 24. 

90 The return of the "used" sample carrier 12 
to the sample magazine 1 3 is accomplished in 
the reverse sequence. The sample carrier 1 2 
in introduced into the bore 42 in the position 
according to Fig. 7c. By withdrawing the 

95 pressure pin 47 the clamping element 43 is 
enabled to clamp the sample carrier 1 2 in the 
bore 42. The holding force is greater than 
that of the spring 48 so that on withstanding 
the push-rod 1 7 the sample carrier 1 2 is 
100 retained in the sample magazine 13. 

The coupling 24 of the push-rod 1 7 can be 
so constructed that controlled heating thereof 
and thus vaporisation of the substance can be 
achieved. 

1 05 The sample magazine 1 3 is provided on its 
side opposite the drive shaft 14 with an 
axially displaceable counterbearing 49 which 
can be axially displaced, i.e. retracted, by 
means of a handle 50 projecting from the 

110 magazine housing 25. In this way it is possi- 
ble to remove the sample magazine 1 3 from 
the drive shaft 14 and withdraw it from the 
magazine housing 25 for filling or other oper- 
ation. For this purpose the magazine housing 

1 1 5 25 is provided with a hinged cover 51 formed 
by the upper region thereof. A protective gas 
can be introduced into the magazine housing 
25 by means of a gas connection 52. 

It will be appreciated that the loading appa- 

120 ratus of the invention may be used for loading 
any equipment having a chamber in which the 
pressure in use is lower or higher than the 
ambient pressure. In the latter case the vac- 
uum chamber of the guide means of the 

125 apparatus of the invention as hereinafter 
defined in the claims becomes a pressure 
chamber adapted to be pressurized for the 
purpose of equalizing the pressures at oppo- 
site sides of said valve. 
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CLAIMS 

1. Automatically controllable loading ap- 
paratus for a mass spectrometer or like equip- 
ment of the kind defined, comprising holding 

5 means for holding a plurality of sample carri- 
ers for successive movement into a transfer 
position, transfer means for transferring suc- 
cessive sample carriers from the transfer posi- 
tion to a loading position, and guide means 

1 0 for guiding the transfer means during its 
transfer movement, said guide means includ- 
ing a shut-off valve adjacent the loading posi- 
tion and sealing means defining in a fixed 
position between the valve and the transfer 

1 5 position at least one vacuum chamber 

adapted to be exhausted for the purpose of 
equalising the pressures at opposite sides of 
said valve. 

2. Apparatus as claimed in claim 1 , 
20 wherein the transfer means is a push-rod 

mounted on a stationary frame for reciprocat- 
ing movement past the holding means and 
through the guide means under the influence 
of a drive motor. 

25 3. Apparatus as claimed in claim 2, 

wherein the holding means is a sample maga- 
zine in the form of a position stationary, 
rotatably mounted disc extending radially 
transverse the path of movement of the push- 

30 rod with peripheral locating means for the 
sample carriers on the side adjacent the sta- 
tionary frame and at least one peripheral re- 
cess for permitting the passage of the push- 
rod past the magazine. 

35 4. Apparatus as claimed in claim 3, 

wherein the sample carriers extend axially of 
the sample magazine and are each received in 
a respective individually actuatable holder by 
clamping. 

40 5. Apparatus as claimed in claim 4, 

wherein the sample carrier holder are associ- 
ated with a release mechanism in the transfer 
position. 

6. Apparatus as claimed in any one of the 
45 preceding claims, wherein the guide means 
includes three vacuum chambers for produc- 
ing a graduated increase in vacuum in the 
direction from the transfer position to the 
shut-off valve. 
50 7. Apparatus according to any one of the 
preceding claims, wherein the sample carrier 
holding means is enclosed in a housing which 
on the side opposite the guide means has a 
bearing for the transfer means. 
55 8. Apparatus as claimed in claim 7, 

wherein the housing is provided with a cover 
through which the holding means can be 
removed. 

9. Automatically controllable loading ap- 
60 paratus for a mass spectrometer or like equip- 
ment, substantially as herein described with 
reference to and as illustrated in the accompa- 
nying drawings. 
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